Abstract. Sampling is a creative tool in composition that is widespread in popular music production and composition since the 1980's. However, the concept of sampling has for a long time been unaddressed in Music Information Retrieval. We argue that information on the origin of samples has a great musicological value and can be used to organise and disclose large music collections. In this paper we introduce the problem of automatic sample identification and present a first approach for the case of hip hop music. In particular, we modify and optimize an existing fingerprinting approach to meet the necessary requirements of a realworld sample identification task. The obtained results show the viability of such an approach, and open new avenues for research, especially with regard to inferring artist influences and detecting musical reuse.
Introduction
Digital sampling is a creative tool in composition and music production. It can be defined as the use of a fragment of another artist's recording in a new work. The practice of digital sampling has been ongoing for well over two decades. It has become widespread amongst mainstream artists and genres, including hip hop, electronic, dance, pop, and rock [20] . Information on the origin of samples holds valuable insights into the inspirations and musical resources of an artist. Furthermore, such information could be used to enrich music collections, e.g. for music recommendation purposes. However, in the context of music processing and retrieval, the topic of automatic sample identification has been largely unaddressed [8, 21] .
In this contribution we introduce automatic sample identification as a new line of research in Music Information Retrieval (MIR), and present a first approach to detecting whether a query song samples another song inside a given music collection. The next section of this article will state some of the motivations for developing a sample identification system and lists the requirements that such a system should meet, in relation to existing research in content-based music retrieval. Audio fingerprinting techniques are shown to be a good basis for experiments. In the third and fourth sections, experiments are presented and discussed.
Sampling in Popular Music
The Oxford Music Dictionary defines sampling as "the process in which a sound is taken directly from a recorded medium and transposed onto a new recording" [14] . As a tool for composition, it first appeared when musique concrète artists such as Pierre Schaeffer started assembling tapes of found field-recordings and in musical collages. Examples of the use of previously released music recordings are James Tenney's repurposing of Elvis Presley's Blue Suede Shoes in Collage #1 (1961) , and the Terry Riley composition Bird of Paradise (1965) , which uses the song Shotgun by Junior Walker and his All-Stars as direct source material [15, 16] .
The phenomenon of sampling reappeared in the 1970's when New York DJs such as Kool DJ Herc started using their vinyl players to repeat and mix parts of popular recordings, to provide a continuous stream of music for the dancing crowd. The breakthrough of sampling followed the invention of the digital sampler around 1980. It allowed producers to isolate, manipulate, and combine portions of others' recordings to obtain entirely new sonic creations [10, 23] . The possibilities that the sampler brought to the studio have played a role in the appearance of several new genres in electronic music, including hip hop, house music (from which a large part of electronic dance music originates), jungle (a precursor of drum&bass music), dub, and trip hop [22] . The first famous samplebased single was Sugarhill Gang's Rapper's Delight (1979) , containing a looped sample taken from Good Times by Chic (1979) [14] . A famous example of sampling in rock music is the song Bittersweet Symphony by The Verve (1997), which looped a pattern sampled from a 1966 instrumental string arrangement of The Rolling Stones ' The Last Time (1965) [14].
Motivations for Computational Research on Sampling
A first motivation to undertake the automatic identification of samples originates in the belief that the musicological study of popular music would be incomplete without the study of samples and their origins. Knowledge on the origin of samples provides a direct insight into the inspirations and musical resources of an artist, and reveals some details about his or her composition methods and production choices. At the level of popular music history, there has been an emerging interest to study how some of the particular musical properties of contemporary popular music may be traced back to the influence of the technology that has been used to produce it, such as song structures, groove (the activating quality of music), and rhythm [5, 9, 18] 1 . To our knowledge, an extensive study of how
